perpendicular to the pore surfaces are shown in Figure S3 . The oxygen atom of water was considered for these calculations, and the results are shown for water in the 5 hydrated pores considered. Similar results are shown for methane in Figure S4 . 
Figure S5
shows the potential of mean force profiles calculated using the umbrella sampling algorithm 1,2 as one methane molecule is dragged following one straight line along the X direction of the simulation box, while maintained at the center of the pore along the Z direction. The general purpose of using umbrella sampling simulations is to determine the energy landscape of a system along a specific reaction coordinate ( ) by introducing a bias potential to the system at many points (windows) along the reaction coordinate. From a collection of equilibrium simulations at each window, the biased probability of the configurations along the reaction coordinate is calculated. The unbiased probabilities of the configurations and free energy profile are calculated by using the weighted histogram analysis method (WHAM). Figure S9 shows the methane-water oxygen radial distribution function as a function of the methane-oxygen distance in hydrated calcite pore. In Figure S10 we report the residence correlation functions for oxygen atoms (used to identify water molecules) in specific hydration layers of interest in calcite pore. The algorithm is described elsewhere. 5 Calculations were applied on water molecules confined in a slab of thickness 1 Å corresponding to the peaks that appear in the density profile of water along the Z direction (see Figure S3 E) . The faster the correlation function decays from 1 to 0, the lower residence time the water molecules stay in specific hydration layers. In Figure S14 we show the crystal structure of the calcite substrate used in this study in 3 and 2-Dimensional graphs. 
